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A b s t r a c t - A  Mn-Zn ferrite with f ine  grain s i ze  and 
low core loss  at 0 . 5  to 2 MHz was developed, and B 
conductor-embedded-type planar transformer was pelletidby cold isostatic pressing at 2 7 w a f o r  3min 
made using the developed ferrite. The Bm.f value in  
the loss level of 400kWm.3 of the developed ferrite a t  
f=lMHz is 2 . 2  times larger than that o f  the commer- 
cia1 ferrite. The efficiency and the output power o f  
the conductor-embedded-type planar transformer were 
91% and 1.8W, respect ive ly .  
wasmilledusingaplanetaryballmill, doieedandmixedwithan 
e amount of acrylic aad resin for binder. Then it was 
at 1 3 2 3 ~  for 4 b  in a dd amosphere of about 
30Pa. The planar transformer was experimentally consmcted of 
copper-Kapton winding. The ratio of the primary and secondary 
windings was 1: 1. 
1. Introduction 
Distributedpower supply systems are becoming important for 
reducing electricity consumption in circuits and DC load 
voltage in VLSI technology. Therefo~, high-density power 
supplies ~ J E  needed, and their development is now in progress. 
To improve effi&mcy in a low profile power supply module, 
transformers should have low losses at high frequency because 
the transformer is the largest component of a converter, andthe 
power loss increases with increasing switching frequency, Thus 
it is necessary to realizelow coreloss materials and low copper 
loss characteristics for the transformers. 
Ag. 1 TEM image of the powder perpared by hydrothennal method 
Wc developed fine grainedh-Zn femtes with low a r e  losses 
at hgh frqiencies, and made a conductor-ab 3 .  Results and discussion 
planartransformer [I] using the fine grainedfemte. In this paper, 
we report the magnetic properties of the fine gained femte aold 
characteristics of the transformer. 
The microstructures of the ferrite with fine grain size (1.5pm) 
anda commercial fenite(Gs9.Spm) now in use as the trans- 
former material are shown in figure 2. Gs was measure with the 
2. Experiment intercept method. 
The hh-Zn ferrite powder was prepared by the hydrothmal 
method [2, 31. Figure 1 shows a E M  image of the hydrother- 
mally precipitatedferritepowder. A hydrothermally precipitated 
femte powder (particlesize : 0.13pm) with the compositionof 
Wlno.72Zn0.16Fe2.1204 was used as a starting material. The 
femte powder andadditives, 0.038wt% of Ta205, O.Olwt% of 
Si0.1. 0.021wt% of CaC03 and0.034wt% of Ti02, weremixed 
using a planetary ball mill to obtaina uniformmixture. This 
mixture was calcined in pure nitrogen. 
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Ferrite with tine grain size Commercial ferrite The calcined powder 
Rg.2 The microstructures of the ferrite with fine grain size(Gs=1.5pm) and 
the commercial ferrite(Gs=9.5pm). 
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Fig. 3 The core losses per cycle as a function of frequency for the fine 
grained fernte and the commercial femte. 
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theconditions generallyusedfortheevaluationof powerferrites. 
In the low frequency range, up to 2501rHz, the core losses of the 
fine grained ferrite are higher than those of the commeraal 
ferrite, but in the high frequencyrange, above 25OkHz, the core 
losses of thefemtewithfinegrain sizearelowerthan that of the 
commercial product. Especially at 1MHi, the core loss of the 
fine grainsize was 3OkWm ’, about 15% that of the commercial 
ferrite. 
In power supplies the input capacity (P)  is an important pa- 
rameter that can be used as a performance rating of the trans- 
former. The P can be expressed by the following equation [4]. 
P=4.44*f.RmN.I.Ace --______ 
whereP input capacity PA]  
(1) 
f: switching frequency [Hz] 
Bm: maximum flux density 
N number of turns [turn] 
I: input current [AJ 
Ace: effective core cross-sectional area [m2] 
The ferrite material in the transformexdetermines the allowable 
Bmf from the corelosses andthe allowed temperaturerisein the 
transformer design [4]. Fig. 5 shows thef-Bmdependenceof the 
core losses of the fine ,gain size and corrrmercial ferrite. The 
core loss of commercialfenitesin theusual condition,Bmf=25 
kT.fi, at f=200kHi, is about 400kWms. That is the limiting 
core loss for the P of the transformer derived from ferrite mate- 
rials. If the driving frequency increases to lMHi, Bm.f at the 
loss level of NOkWm becomes 3 1kT.Hz. Thus, the 4ze of the 
transformer cin be reduced by about 20%. In the developed 
ferrite, Bmf at the loss level of 4OOkWm becomes 5SkT.Hz, 
and the size of the transformer can be reduced by 55%. 
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Fig.4 The core losses as a function of frequency for the ferrite with fine 
grain size and the commercial ferrite. 
Figure 3 shows acomparisonof the coreloss percyclebetween 
the developedferrite with the fine grain size andthe commercial 
ferrite at afrequency from 100Hz to 2 W z .  The rapidincrase 
in the core losses for the newly developed sample ocuirs at 
hgher frequencies than for the commercial one. The corelosses 
over these frequenciesmainly consist of the eddy current losses 
and the residual losses. The improvement of core losses for the 
developed sample may be attributed to the minimization of the 
residual losses which are caused by domain wall resonance, 
which strongly depends on the grain size. 
Figure 4 shows the frequency dependence of the core losses for 
the ferrite with fine grain size and the commercial ferrite under 
10 25 , 31 
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Bm-f (103 T-uZ) 
Fig. 5 The core losses as a function of Bmf for the femte withe 
fine grain size and the commercial ferrite. 
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In the design of transformer, it is known that the anductor- 
mbeddet-type planar transformer is effective for a hn-typeof 
transformer El]. Thus, we made a conductor-emb 
planar transformer using the developed femte. 
Figure 6 shows the strncture of the planar transfomer madeof 
the fine grained ferrite. Minimized thefl ux leakageanduniform 
flux density and current density are acbieved in transformers by 






Fig. 6 Schematic diagram of the conductor-embedded-type 
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Fig. 7 Efficiency, output power and temperature r i se  of the 
output current. 
conductor-embedded-type planar transformer as a function of 
Figure 7 shows the efficiency, output power and surface tem- 
pmture rise of the transformer as a function of output arrent 
under a sinusoidal waveat 1MHz. An efficiencyof 91% andan 
output power of 1.8W were obtained at an output current of 
0.44A. The output power of the transformer is 3.4W whenthe 
temperature rise is 30°C. That is almost the maximum 
~ 
temperature rise for safe operation[71. Furthermore, this trans- 
former was evaluated as a D C i K  convater driven at a switch- 
ing frequency of 1MHz. ‘fie efficiency of the converter was 65%, 
the output power was 3.2W, and the temperature at the surface 
of transformer was approximately 60°C during operation. 
Considering these characteristics, the conductorembeddedtype 
planar transformer made of fine gmined Mn-Zn ferrite is 
suitable for use in high output and thin-type of transformers. 
4. Conclusion 
(1)The core loss (f=lMHz, Bm=25mT, 60°C) of the developed 
ferrite with fine grain ( C ~ =  1 .Spm) is about 15% than that of the 
commercial ferrite. 
(2)At the same level of wre loss, NOkWm”, the fine grained 
ferriteat lMHz has aBm.f value 2.2 times larger than that of the 
commacial ferrite. 
(3) The conductor-embedded planar transformer using the &vel- 
opedferriteshows the efficiencyof 9196, outputpowerof 1.8W 
and 6°C of temperature rise. 
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